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Introduction
Psychological symptoms in patients with terminal diseases are very frequent [1] [2] [3] [4] [5] . Anxiety is one of the most common psychological symptoms in patients in palliative care settings [2] . In a meta-analysis of 24 studies on mood disorders in patients with terminal diseases, a pooled prevalence for anxiety disorders of 9.8% (Range: 6.8%-13.2%) was reported [2] . This high prevalence and the evidence that psychological symptoms can lower quality of life should lead to increased sensitivity toward psychological burdens among clinicians who care for such patients [6] [7] [8] .
In addition to the description of the prevalence of symptom burden in patients suffering from a terminal disease, many studies focus on interrelations of symptoms [6] . For anxiety, several associations with other symptoms in patients with advanced cancer or in palliative care settings can be reported from previous research: Delgado-Guay et al. [7] and Oechsle et al. [8] describe associations of anxiety with physical symptom burden. In particular, there are findings of interrelations with pain [7, 9, 10] , fatigue [7] , sleep disturbance [6] , nausea [7, 9] , dyspnea [7, 9, 11] , and cardiac arrhythmias [9] . Although there are findings indicating no relationship between anxiety and socio-demographic or personal data [12] , later analyses showed associations between anxiety and younger age [6] as well as being female [6, 13, 14] . Further findings, such as associations of anxiety with use of medications [13] , acceptance [15] , and belief in an afterlife [13] , are reported elsewhere [11, 16, 17] .
Due to the small sample sizes and the heterogeneity of many studies, it is still challenging to find reliable predictors for anxiety in terminally ill patients [6] .
Objectives of the study
The objectives of the study are (i) to describe sample characteristics of routine data collected in palliative care settings in Germany, (ii) to explore differences between data sets of patients with high anxiety scores and those with low anxiety scores, (iii) to discover possible predictors of anxiety, and (iv) to find and test a predictive model based on routine data.
Materials and methods

Study material and data sets
For this study we used anonymized data of adult patients from palliative care services in Germany. Data were collected using the Hospice and Palliative Care Evaluation (HOPE), a longterm, web-based quality management benchmarking system for palliative care, which is wellestablished in Germany. HOPE was developed as a core data set by experts from a range of professions from the German Association for Palliative Medicine, the German Hospice and Palliative Care Association, and the German Association for Cancer [18] [19] [20] . It is composed of different modules and can be used by inpatient or outpatient hospice and palliative care services. To collect information about personal, disease-related and therapy-related data, HOPE includes a core data set (see Supporting Information S1, S2 and S3 Figs), which is assessed by medical staff (e.g. physicians, nurses). To assess the individual symptom burden of patients with terminal diseases, it contains a validated symptom and problem checklist (HOPE-SP-CL) [21] . Using a four-point grading scale (none, mild, moderate, severe), HOPE-SP-CL assesses individual physical (pain, nausea, vomiting, dyspnea, constipation, weakness, loss of appetite, tiredness), psychological (feeling depressed, anxiety, tension, disorientation/confusion), social (organization of care, overburdening of family) and nursing (wound care, assistance with activities of daily living [ADLs]) burden at least once on admission to the service and once on the day of discharge or death of the patient. HOPE is not used to diagnose mental disorders. Rather, it is used to assess the current suffering of patients. In particular, mental symptoms such as anxiety and feeling depressed can be very painful if they occur in the course of a serious, fatal illness, even if the criteria of a mental disorder are not met. Data sets are extracted from the standardized documentation systems of the participating services each year for a period of three months (March 15 -June 14) to maintain a continuous benchmarking process. Data sets are centrally merged and processed and are then fed back to the services in benchmark format through a predefined and programmed interface. For this study we used data sets of patients in different inpatient and outpatient institutions (palliative care units, hospital support teams, oncology wards, hospices, palliative home care services) in Germany from 2007 to 2011 [20] .
Ethics and data protection
No additional data collection was necessary and we did not make any changes to the care or treatment of patients to perform this study. The data sets used were completely depersonalized. The institutional ethics review board of Friedrich-Alexander-Universität Erlangen-Nürnberg was formally approached and did not have any ethical or legal concerns about this study.
Data analysis and model development
IBM SPSS Statistics 21.0 for Windows (IBM Corporation, Armonk, NY) was used for statistical evaluation.
In order to characterize the sample, descriptive analyses were performed. Symptom scores of anxiety were dichotomized into none or mild intensity versus moderate or severe intensity [22, 23] .
The data set was divided into a training set consisting of two thirds of the data and a test set consisting of one third of the data. On the basis of the training set, a broad range of variables (e.g. demographic, medical and psychosocial items) of the routine data were used to search for bivariate interrelations with the command variable. Afterwards, variables showing a significant association (using a significance level of p < .25) with the dichotomized ratings of anxiety were considered for the development of a multivariable logistic regression model, which was generated using a backward stepwise selection. Due to the high intercorrelations with the target variable, other items related to psychological burden such as feeling depressed, tension and disorientation/confusion were not included in the analysis.
On the basis of the test set, which comprises the remaining one third of data, predictive accuracy of the final model was evaluated by the area under the receiver operating characteristic curve (AUC) corresponding with the c statistic. An AUC of .80 or higher indicates good sensitivity and specificity, whereas fair sensitivity and specificity is described between AUCs of .70 and .80. Positive and negative predictive values were also calculated [24] . The following data sets were excluded from further analyses: 368 data sets due to missing date of admission to the palliative care service, 866 data sets because date of admission to the palliative care service was outside the annual three month period of data collection, 956 data sets without any assessment for anxiety and 10 data sets due to a documented age under 18. Fig 1 shows this selection of the data sets. Comparisons between participants (n = 9924) and non-participants (n = 2200) yielded no significant differences in age, gender, performance status (ECOG) or palliative care services at time of admission. Table 1 shows the characteristics of the study sample of 9924 patients who were assessed with HOPE at time of admission to a palliative care service (see Supporting Information S1 File). Just over half were female (51.9%) and the average age was 68.8 (Range: 19.3-109.4; SD = 12.6). The majority of patients showed a low performance status (33.7% ECOG 3, 37.5% ECOG 4) at the time of admission. For 36.2% of the population under review, no level of nursing care support had been approved by the health insurance providers. (Note: According to the German long-term care legislation in the period under review, patients may receive reimbursement for nursing care. In order for this to occur, they have to apply for a level of nursing care support. Reimbursement is granted for one of four levels of nursing care support (level 1: necessary support for a minimum of two activities in fields of personal hygiene, eating and mobility (at least once a day), housekeeping (at least several times a week) with an overall duration of care at least 90 min a day; level 2: necessary support at least three times a day with an overall (average) duration of 3 h a day; level 3: ongoing need for support (including at night), Development and evaluation of the predictive model Table 2 . The following variables showed no significant association with anxiety and were therefore not included in further calculations: type of service, advance directives, type of disease, brain metastases, medication with opioids (WHO step 2), and medication with diuretics. Twenty-nine variables showing a significant association with anxiety were put into a backward stepwise logistic regression model as candidate predictor variables. Table 3 shows the final model comprising those variables, whose influence on the target variable persists when controlling for this wide range of variables. The following 15 variables remained in the final logistic regression model: gender, age, ECOG, living situation, pain, nausea, dyspnea, loss of appetite, tiredness, assistance with ADL, organization of care, medication with sedatives/anxiolytics, medication with antidepressants, cardiac medication, and medication with antibiotics. The model was evaluated by the test set, which consists of one third of the whole data set and showed a fair predictive value (AUC = 0.72). Fig 2 shows the ROC curve. The optimal cut-off score of our model, which maximizes sensitivity and specificity, was found to be ! 0.3714649. Sensitivity was 0.68 and specificity 0.66. Under consideration of the prevalence of anxiety in the test set, the negative predictive value was 0.70 and the positive predictive value was 0.61.
Results
Sample characteristics
We also considered the impact of missing data. In most variables there is only a small proportion of missing values of 5% or less. Due to a conspicuously high level of missing data (14.4%), the item level of nursing care support was excluded from further analyses. Nevertheless, the final model shows 10.7% missing values. Since we could not find any significant difference between data sets excluded from further analyses due to missing values and those included in the final model, we assumed missing data were most likely caused by random rather than by systematic bias.
Discussion
To the best of our knowledge the present study is the first in which such a broad range of different variables from routine data was used to find a predictive model for anxiety in patients with terminal diseases on the basis of a data set of this size which was collected nationwide.
Regarding predictors of anxiety in patients in palliative care settings, the present study yielded several results. Like previous findings, it confirms interrelations between physical symptom burden and anxiety [7] [8] [9] [10] . For all aspects of physical burden assessed by HOPE, calculations showed highly significant bivariate associations with anxiety. Therefore, higher physical symptom burden is more likely to be accompanied by higher anxiety levels. However, despite these significant interrelations, only symptom burden from pain, nausea, dyspnea, loss of appetite, and tiredness remained in the final multivariable model after backward stepwise selection. This indicates that the influences of those variables showing a significant bivariate connection with anxiety but having been removed by backward stepwise selection were exceeded by the stronger influences of remaining variables. In particular, our findings concerning the predictive value of dyspnea are also consistent with previous research [11] . In recent years, the linkage of anxiety and dyspnea in terminally ill patients has drawn more attention to the treatment of dyspnea with anxiolytics and with psychological interventions such as relaxation/imagery with breathing retraining in addition to treatment with opioids [25] [26] [27] . Furthermore, this connection emphasizes the importance of awareness while supporting and treating patients who are suffering from physical symptoms. Although there are different indications concerning a linkage between age and anxiety [6, 13] , our findings affirm that younger age is more likely to be connected to higher anxiety levels [6] . Additionally, our data also showed a correlation of gender of patients in palliative care settings with anxiety and thus confirmed previous findings of higher anxiety levels in women with advanced cancer or terminal diseases than in men [6, 13, 14] .
Furthermore, our data underpins some findings of a study by Kolva et al. [13] . A difference in anxiety levels between inpatients and outpatients was reported in this study but this variable showed no significant interrelation in a multiple regression analysis. This is also evident in comparison with the present data analysis, where no significant influence of inpatient and outpatient palliative care services on patients' anxiety levels could be found. However, Kolva et al. linked the influence that seems to be exerted by this variable to remaining survival time [13] , which was not included in our analyses. In contrast to the findings of a previous study [28] , we did not identify higher ratings of anxiety levels in specialized palliative care services than in other wards. Not surprisingly, medication with anxiolytics and antidepressants are predictors of anxiety and can also be found in the final multiple regression model described by Kolva [13] . Concerning medication, our calculations also indicate effects of antibiotic and cardiac usage. In particular, lower anxiety levels were reported in patients receiving cardiacs, whereas medication with antibiotics is likely to be accompanied by higher anxiety levels. This seems to be a suitable finding which proves a positive association between cardiac arrhythmias and high anxiety levels [9] . Those indications could be linked to the psychophysiological model of panic attacks as a vicious circle postulated by Pauli et al. [29] . In this study, differences in cardiac perceptions, anxiety levels related to those perceptions and heart period after those perceptions were investigated in patients with and without panic attacks. Although patients with panic attacks reported somewhat more cardiac perception than patients without any anxiety disorder, this difference was not significant. However, a highly significant difference could be found between these two groups regarding anxiety related to cardiac perceptions. Whereas in healthy controls cardiac perceptions did not elicit anxiety, subjects with panic attacks reported anxiety related to cardiac perceptions. Additionally, the study showed a clear positive association between levels of anxiety elicited by cardiac perception and faster heartbeat after those perceptions [29] . Since patients with a history of anxiety disorders may be more affected by cardiac perceptions, this suggests that those patients may benefit from medication with cardiacs in particular. For this reason, the assessment of psychiatric history could have a limited advantage. However, especially in patients with a shortened life span, the potential benefits must be balanced against the additional burden.
HOPE is already used as a quality management benchmarking system by many palliative care services in Germany [18] [19] [20] . Based on this assessment, we found a multivariable regression model to predict the risk of moderate or severe anxiety levels in terminally ill patients with a fair value. We therefore recommend supplementing clinical evaluation. The model can be integrated into existing digital documentation routines without much additional programming effort. It can facilitate early prediction of anxiety, which could be particularly important, for example, in the increasing efforts toward early integration of palliative care in the treatment of serious illnesses [30] [31] [32] . Above all, no additional effort is required from patients. This is consistent with requirements that diagnostic instruments, particularly for patients with terminal diseases, should be not very stressful and time-consuming [33, 34] . Further evaluations of the screening performance, possibilities to complement the model to enhance its predictive accuracy, and the benefits in clinical practice are advisable.
Study limitations
Our results are based on a comfortably large sample size, but some limitations have to be taken into account when interpreting the results. The prevalence of anxiety in our population is very high compared to other findings [2] . This could be promoted for example by the given items in the tick boxes or perhaps it could be enhanced by an overestimation of anxiety levels by staff compared to self-assessments. However, on the other hand there are findings of similar or even higher prevalence of anxiety [35] [36] [37] . Therefore, it is doubtful whether there is an overrepresentation of anxiety in the present study. More importantly, due to the study design no statements about causalities are permitted. Even though we assumed different variables as possible predictors of anxiety, they were assessed simultaneously at the time of admission to palliative care service, and there could be a common underlying cause (such as disease progression) rather than a causal relationship between the variables. The vicious circle of anxiety and cardiac perception postulated by Pauli et al. [29] indicates a complex interrelation between physical symptoms and anxiety. Further research is needed here to explore causal and mutual or reciprocal influences. HOPE, with its symptom and problem checklist, is a validated routine proxy assessment tool used by physicians, nurses and other healthcare personnel. When interpreting results it must be considered that patient reported outcome measures (PROM) would be the gold standard [38] and differences in clinicians' and patients' judgments of symptoms are evident [39] [40] [41] . However, due to weakness and/or cognitive impairment, for many patients in a palliative care situation it is impossible to use PROMs and thus a proxy assessment can safeguard data documented from all patients [42, 43] . There is evidence of satisfactory convergent validity for HOPE-SP-CL in investigations on patients' self-assessment tools such as the MIDOS_2 or POS [21, 44] . In our service it is routine to use both.
Results are calculated only on the basis of data sets for which all variables have been completed. The proportion of missing values should be considered in the interpretation, particularly in the multivariable logistic model. No systematic errors were detected here. The reasons for missing data are unknown, and one hypothesis would be that missing data results because different occupational groups and team members bear responsibility for assessing the data. Additionally, no immediate beneficial effect results for healthcare personnel or patients, which could lead to a lack of motivation to complete the questionnaire conscientiously.
HOPE contains details on further psychological aspects such as feeling depressed, tension, and disorientation/confusion. Those psychological aspects were excluded from further analyses for two reasons. Firstly, the psychological items showed high intercorrelations. Secondly, those aspects as they are used in HOPE are not meant to be interpreted as psychiatric diagnoses. In particular, the variable feeling depressed, is not to be compared with the diagnosis of the mood disorder depression.
In addition, although we controlled for a wide range of variables there is no information about the influence of variables which are not included and by nature underrepresented in our analyses, such as a history of psychiatric disorders, acceptance of prognosis or religious beliefs [13, 15] .
The comparability with other studies may be affected by the diversity of possible predictor variables determined by using HOPE. Furthermore, it must be considered that the present model has only a fair predictive value. Further research is needed to expand the range of and adapt possible predictor variables to develop models with higher predictive values and to further study interrelations with anxiety in patients in palliative care settings.
Conclusions
The present study describes the development of a predictive model for anxiety in palliative care patients using data from the standard documentation routine in Germany. We conclude that this approach can improve the assessment of anxiety in patients in a palliative care situation.
This model could enhance the screening process but will not replace further clinical evaluations. It will be indispensable to perform individual interviews to provide appropriate support for anxious patients in palliative care settings, but this model could sensitize care providers for a plurality of interacting predictors and thus also improve early detection of possible risk factors of anxiety and anxiety itself. 
